On the basis of data showing a bimodal distri bution of values for extracellular pH (pHe), and a discon tinuous APc02i Alactate relationship, Kraig et al. (1986) proposed that H + is grossly compartmentalized between neurons and glia in the ischemic brain. We measured ApHe during ischemia, varying ischemic lactate contents between 9 and 38 mmol kg-1. No bimodal distribution Abbreviations used: pHe' extracellular pH; pHi' intracellu lar pH.
Complete or near-complete brain ischemia leads to a decrease in extra-and intracellular pH (pHe and pHi' respectively), which is predictably related to the amount of lactate accumulated during ischemia (Ljunggren et aI., 1974; Siemkowicz and Hansen, 1981; Smith et aI., 1986; Paschen et aI., 1987) . Thus, when ischemic lactate concentrations are altered by preischemic variations in plasma (and tissue) glu cose concentrations, dpHi and dpHe are expected to vary accordingly. At first sight, one could expect that dpHe and dpHi are directly proportional to Alactate. This is because accumulation of lactate, with a stoichiometrical amount of H + , is the most important single event, acidifying intra-and extra cellular fluids (Siesjo et aI., 1990) . However, the results reported by Kraig et aI. (1986) suggest that changes in pHe show a discontinuous relationship to Alactate. Thus, a bimodal relationship was found, ApHe being �0.5 U at lactate contents of 8-15 mmol kg -1, and � 1.1 U at lactate contents exceed ing 17-19 mmol kg -1. In the transition zone in be tween, i.e., at lactate contents of 17-20 mmol kg -1, the pHe values were more variable, From this dis tribution, and a discontinuous dPco2/dlactate rela tionship, the authors concluded that H+ is compart mentalized during ischemia, glial cells being much more acid than neurons, and extracellular fluid, Be cause the results of Kraig et aI. (1986) were ob tained in hypercapnic rats (Paco2 �70 mm Hg), we decided to test the general validity of their hypoth esis by carrying out similar experiments in normo capnic subjects. The results seriously question the hypothesis advanced by these authors, and suggest that compartmentalization of H + during ischemia is moderate or negligible.
METHODS
The experiments were carried out in fasted male Wistar rats of an S.P.F. strain (M�llegaard Breeding Center, Copenhagen, Denmark), weighing 285-335 g. The animals were anesthetized with 2-3% isoflurane (Forane), trache otomized, and ventilated with 1. 5% isoflurane in 70% N20 and 30% 02 so as to give Pac02 values of -40 mm Hg, and P a02 > 100 mm Hg. Body temperature was main tained at 37°C by external heating. The temperature of the brain cortex during the experiment was maintained at 37°C by enclosing the head in a Perspex box, perfused with air at 37°C and 100% humidity (compare Minami sawa et aI., 1990). A craniotomy (1 mm x 1 mm) was placed in the parietal region to allow insertion of the tip of a micro-pH electrode. To achieve different lactate con centrations during ischemia, the plasma glucose concen trations were varied by means of intravenous infusion of a 50% glucose solution. In three animals, glucose concen tration was reduced by i.p. injection of insulin (2 IU kg -1). Ischemia was induced by injecting 1 ml of satu rated KCl into the external jugular vein. At the end of the ischemic period (15-30 min), the pHe electrode was with drawn and the brain was immersed in liquid nitrogen. We subsequently measured tissue CO2 content and lactate content, using methods that have been described previ ously (for original references, see Smith et ai., 1986) .
Changes in pHe were measured with a liquid ion sensitive microelectrode constructed according to Mutch and Hansen (1984) . The electrode was calibrated at 37°C under conditions similar to those prevailing in vivo. Thus, calibration was achieved in a CO2-containing artificial CSF, the pH of which was assessed by a conventional glass electrode and kalomel reference electrode with a saturated KCl bridge. This glass electrode was calibrated at 37°C against conventional precision buffers.
RESULTS
Mean steady-state baseline pHe' measured before the start of glucose infusion and induction of isch emia, was 7.39 ± 0.03 (mean ± SD, n = 12) at a mean Paco2 of 41. 4 mm Hg. Ischemia gave rise to the expected decrease in pHc' interrupted by a tran sient alkalinization at the time of the DC potential shift (Mutch and Hansen, 1984; Kraig et aI., 1986) . Figure 1 illustrates two typical electrode responses. In Fig. IB , ilpHe was 0. 8, and the 2-min value was close to the final value. Figure lA shows that in a grossly hyperglycemic animal with a ilpHe of 1. 6, the 2-min value was smaller (ilpH �0.93). Ischemic lactate concentration varied between 8 and 38 mmol kg -I, reflecting corresponding variations in preis chemic plasma glucose concentrations (3-107 mmol L -I). The total CO2 content of neocortical tissue was 14. 77 ± 1.52 mmol kg-I (mean ± SD, n = 25), the values being similar in hypo-, normo-, and hy perglycemic animals. Figure 2 shows the relationship between tissue lactate content and pHe. As observed, the relation ship was a linear one, with no indication of a bimod al distribution of pHe values. pHe decreased from a value of 6.85 at a lactate content of 9 mmol kg -I, to a value of 5.80 at a lactate content of 38 mmol kg-I. Because control pHe was close to 7.4, the maximal ilpHe was 1.6.
DISCUSSION
The present results are at variance with those re ported by Kraig et ai. (1986) . The discrepancy can not be explained by a variability in the present results, which was small, or by difficulties in elec trode performance. Thus, our electrodes consis tently gave a ilmY/ilpH of close to 60 mY at 37°C, electrode drift was small or absent, and temperature was accurately controlled during both calibration and measurement in vivo. Furthermore, preis chemic pHe values varied little between animals, the absolute values being close to those expected from previous measurements on cisternal CSF. The only difference between the present results and those reported by Kraig et ai. (1986) is that our experiments were carried out on normocapnic rather than hypercapnic rats. It does not seem likely that this difference can explain the discrepancy.
The present results, and those pertaining to the ilPco2/ illactate relationship in ischemia (A. Ekholm et aI. , unpublished observations) require a reevalu ation of acid-base changes during ischemia. Thus, because normocapnic animals do not show a bimod al distribution of pHe values, or a discontinuous ilPco2/illactate relationship, there seems to be no reason to suspect that H + distribution is radically different between neurons and glial cells during complete or near-complete ischemia. This conten tion is in agreement with previous measurements of pHi with 31p nuclear magnetic resonance, which failed to show a splitting of the phosphorous peak during complete ischemia (Boris-Moller et aI. , 1988; Behar et aI. , 1989) .
